Electron microscopy was used to study the fate of Plasmodium falciparum ring-infected erythrocyte surface antigen after merozoite invasion by using postembedding immunolabeling. The antigen was localized to small dense granules located centrally or laterally in free merozoites. In newly invaded erythrocytes, labeling was found in pockets of the parasitophorous vacuole space or in aggregates closely associated with the parasitophorous vacuole. These patterns indicate that ring-infected erythrocyte surface antigen is contained in merozoite dense granules that are released after merozoite invasion and not via apical rhoptry ducts at the time of merozoite attachment.
Ring-infected erythrocyte surface antigen (RESA) is a nonpolymorphic malaria antigen that has been cloned and completely sequenced for two Plasmodium falciparum isolates (8, 9, 13) . Since antibodies were inhibitory to merozoite invasion in vitro (24) and immunization with RESA fusion polypeptides afforded partial protection to challenge infection in Aotus monkeys (7) , this antigen is an important potential vaccine candidate. RESA was first localized by using immunofluorescence to the erythrocyte surface of P. falciparum ring trophozoite-infected cells (8, 20) . Immunoelectron microscopy confirmed this association and also showed localization within merozoite dense granules that we initially termed micronemes (6) . Recent data have shown that RESA is associated with the erythrocyte cytoskeleton of ring-stage parasites (14) .
Structural studies with Plasmodium knowlesi by Bannister et al. (4) and Bannister and Mitchell (5) distinguished three types of membrane-bound organelles within merozoites: rhoptries (double, large, tear-shaped organelles terminating at the apex), micronemes (small tube-shaped structures associated with the rhoptries), and microspheres or dense granules (approximately 130 nm in diameter, intermediate in size, spherical, and more dense than micronemes and rhoptries). These authors also showed structural evidence that the dense granules were released during or after merozoite entry. Immunolabeling studies of P. knowlesi (22) and of the related protozoan Sarcocystis muris (12) followed the fate of labeled merozoite dense granules and confirmed release of their contents after merozoite junction formation. Analogous dense granules and micronemes have proved more difficult to distinguish ultrastructurally in P. falciparum, where merozoites are somewhat smaller. Mitchell and Bannister (19) have previously suggested that RESA may be located in dense granules or microspheres rather than in apically associated micronemes.
We have examined RESA localization by postembedding immunolabeling with isolates that produced the best ultrastructure after minimal glutaraldehyde fixation, monoclonal antibodies (MAbs), polyclonal antibodies, and 5-nm gold particles to give improved resolution over our earlier re-ports. The studies described here show that P. falciparum RESA is localized to dense round granules (of up to 100 nm in diameter) in merozoites and to similar-sized aggregates of amorphous material in the parasitophorous vacuole of newly invaded erythrocytes similar to the labeled structures described by Tori et al. (22) The specificity of these reagents was tested by immunoblotting (Fig. 1) by the method of Crewther et al. (10) . The antibodies reacted with D10 and FC27 asexual stages to give a major band of Mr 155,000; a minor band (Mr 215,000) of unknown identity was also detected by the human antibodies. Antibodies reacted with merozoites and ring-stage trophozoites found in the sections. In merozoites, labeling occurred over round dense granules of up to 100 nm in diameter (Fig.  2 through 5) . Similar granules in damaged merozoites were also labeled (Fig. 6) , suggesting that this is the way RESA is released into culture supernatants (14) . Labeled dense granules were frequently found in the central area near the concave region of the merozoite nucleus ( Fig. 2 and 4) and at the lateral sides of merozoites ( Fig. 3 and 5) but not in association with the neck of the rhoptry.
Examples of early trophozoite labeling are shown in Fig. 7  through 9 . Figure 7 shows a recently invaded erythrocyte with a rhoptry organelle still present and a labeled dense granule but without label over the erythrocyte plasma membrane. Figures 8 and 9 show labeled medium-density aggregates in or near the parasitophorous vacuole surrounding ring-stage trophozoites; in these cells, some labeling was also found over the erythrocyte surface. The pockets of labeled material, which were similar in size to the dense granules, presumably represent newly released dense granule contents, which then travel to the erythrocyte cytoskeleton. Figure 10 shows the reaction of MAb 23/9 with a section of a mature-stage gametocyte of isolate 1776, where labeling occurred near the parasitophorous vacuole membrane and around leached-out spaces of the erythrocyte cytoplasm. Granules termed osmiophilic bodies within the parasite were not labeled. Similar labeling of gametocytes has been reported by others using antibodies to RESA and other isolates (21, 23) .
These results show that RESA is localized in small, dense granules of P. falciparum merozoites, and that these granules move to the lateral regions of the merozoite at or after entry and are released in localized regions of the parasitophorous vacuole space of the newly invaded parasite. Thus, RESA is not released via the apical rhoptry ducts immediately after apical junction formation, as suggested previously (6, 7) . The movement to the erythrocyte membrane possibly involves association with membrane derived from the parasitophorous vacuole membrane, similar to the movement of knob protein material, which is synthesized later in parasite maturation and also becomes associated with the erythrocyte cytoskeleton (1, 16) . It has previously been suggested that RESA may be involved in erythrocyte invasion by merozoites and release of gametes from erythrocytes (21). However, our localization studies suggest RESA is not involved in the initial merozoite invasion steps but has a function after invasion; RESA may modify the cytoskeleton to facilitate survival of infected erythrocytes in the peripheral circulation. At present we do not know whether RESA or a molecule cross-reacting with RESA is present in mature gametocytes. The different location suggests that RESA has a different function in mature gametocytes.
This work showed that RESA is not released from the merozoite apex at invasion but at a later stage, when invasion may be complete; thus RESA is not exposed at the merozoite surface, the surface of the erythrocyte, or the apical junction. This raises the question of how RESA antibodies, which are reported to be growth inhibitory, may be acting. Since many antibodies to RESA do show various levels of cross-reactions with several other antigens, it is possible that inhibitory antibodies may be acting primarily through cross-reaction with other parasite or erythrocyte antigens (2, 3, 18) . Alternatively, antibodies may be acting intracellularly, as has been reported for a parasitophorous vacuole membrane antigen, the circumsporozoite-related antigen QF116 (17) .
